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ABSTRACT 

Of the fourteen gamma-ray bursts (GRBs) localized to better than 2' radius with the SXC on 
HETE-2, only two lack optical afterglow detections, and the high recovery rate among this sample 
has been used to argue that the fraction of truly dark bursts is ~10%. While a large fraction of earlier 
dark bursts can be explained by the failure of ground-based searches to reach appropriate limiting 
magnitudes, suppression of the optical light of these SXC dark bursts seems likely. Here we report the 
discovery and observation of the radio afterglow of GRB 020819, an SXC dark burst, which enables 
us to identify the likely host galaxy (probability of 99.2%) and hence the redshift (z = 0.41) of the 
GRB. The radio light curve is qualitatively similar to that of several other radio afterglows, and may 
include an early-time contribution from the emission of the reverse shock. The proposed host is a 
bright R = 19.5 mag barred spiral galaxy, with a faint R « 24.0 mag "blob" of emission, 3" from the 
galaxy core (16kpc in projection), that is coincident with the radio afterglow. Optical photometry 
of the galaxy and blob, beginning 3 hours after the burst and extending over more than 100 days, 
establishes strong upper limits to the optical brightness of any afterglow or associated supernova. 
Combining the afterglow radio fluxes and our earliest i?-band limit, we find that the most likely 
afterglow model invokes a spherical expansion into a constant-density (rather than stellar wind-like) 
external environment; within the context of this model, a modest local extinction of Ay « lmag is 
sufficient to suppress the optical flux below our limits. 

Subject headings: dust, extinction — galaxies: high-redshift — gamma rays: bursts 



1. INTRODUCTION 

The host galaxies of gamma-ray bursts (GRBs) 
at low and intermediate redshifts are predomi- 
nately sub-luminous, low-metallicity, and dust-poor 
galax ies with very blu e colors fe.g.. | Fruchter et alJ 
19991 ILe Floc'h et all 120031: iFvnbo et al.| 120031: 
ChristensCTi*er^Lri2004|) . In particular, the three 
most nearby hosts (GRBs 980425, 030329, and 031203) 
are most likely metal-poor dwarf galaxies similar to 
the Magellanic Clouds, but with inten s e star formation 
llFvnbo et all 120001: iHiorth et all 120031: iProchaska et all 
I2004E . The fact that GRB hosts are ubiquitously drawn 
from the population of faint, dust-poor galaxies, implies 
that either (i) such galaxies are responsible for the 
majority of star formation at all redshifts, or (ii) GRBs 
are preferentially caused by low-metallicity stars, or 
(iii) the current sample is observationally biased against 
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GRBs occurring in brighter, high-mctallicity hosts. 

Related to point (iii) above is the nature of dark bursts, 
whose definition has been quite vague in the literature. It 
was commonly used for those GRBs that were not accom- 
panied by detections of optical afterglows (OAs), irre- 
spective of how inefficient the search was. It is important 
to reveal if the fraction of da rk bursts (as high as 60%- 
70%, e.g.. lLazzati et all2002j) is predominantly the result 
of inadequate observing strategies, or if dust and high 
redshift play a maj or role. Evidence has been mounting 
ijFvnbo et all 120011 iBerger et aDl2002|) that the former 
is the primary reason fo r such a high fraction. Recently, 
I.Takobsson et alJ (|2004a^ proposed a revised definition of 
dark bursts, as those bursts that are optically sublumi- 
nous with respect to the fireball model, i.e., which have 
an optical-to-X-ray spectral index (3ox < 0.5. Applying 
this definition to a set of 52 bursts, only 10% have opti- 
cal limits deep e nough to establish them as dark bursts. 
iRol et aD l)2005[) obtained a comparable dark burst frac- 
tion using a more detailed analysis, albeit with a smaller 
sample. 

In this paper we present the detection of the radio af- 
terglow of GRB 020819, and propose that a bright spiral 
galaxy (z = 0.41) coincident with the radio position is 
the host. We explore the nature of the GRB external 
environment, by applying the fireball model on the af- 
terglow radio flux. When combined with an early optical 
i?-band limit, this reveals if host extinction needs to be 
invoked. We also search for a signature of a supernova 
(SN). Finally, we discuss GRB 020819 in the context of 
rapid localizations and follow-up of GRBs, and its impli- 
cations for dark bursts. We adopt a cosmology where the 
Hubble parameter is Ho = 70kms~ 1 Mpc~ 4 , fi m = 0.3, 
and J7a = 0.7. For these parameters, a redshift of 0.41 
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TABLE 1 

Optical/NIR Observations of GRB 020819 



Epoch 


At a 


Telescope/ 


Seeing 


Exposure Time 


Filter 


Magnitude 13 


Limiting 




[days] 


Instrument 


[arcsec] 


M 




Galaxy Blob 


Magnitude 


2002 Aug 19.76 


0.14 


1.0-m SSO 


2.5 


3 X 300 


R 


19.62 ± 0.15 


21.5 


2002 Aug 20.34 


0.72 


P60 


1.6 


4 x 600 


R 


19.60 ±0.11 


22.1 


2002 Aug 26.53 


6.91 


Keck/NIRC d ' c 




9 x 60 


K 






2002 Sep 03.47 


14.85 


Keck/ESI 


0.6 


7 x 600 


B 


21.90 ±0.50 26.10 ±0.50 


26.9 


2002 Sep 03.51 


14.89 


Keck/ESI 


0.6 


4 x 600 


R 


19.48 ±0.12 23.99 ±0.13 


26.9 


2002 Sep 10.09 


21.47 


NOT/ALFOSC 


1.1 


5 x 600 


R 


19.34 ±0.06 


25.3 


2002 Sep 15.17 


26.55 


VLT/FORS2 


0.7 


22 x 300 


R 


19.45 ±0.02 23.98 ±0.06 


25.8 


2002 Oct 13.37 


54.75 


Keck/NIRC d 




27 x 60 


K 


16.80 ±0.20 20.80 ±0.30 




2003 Jan 01.24 


134.62 


Keck/ESI 


0.7 


2 x (300 + 600) 


R 


19.43 ±0.10 23.76 ±0.15 


26.6 



Note. — The magnitudes reported here arc the results o f aper ture photometry (see main text for details). Correction for Galactic 
extinction has been applied to the photometry iSchlcecl ct al. 1998). 



a Measured in days after 2002 August 19.623 UT. 

b The host galaxy and blob were not resolved in the SSO, P60, and NOT observations. 

c Limiting magnitudes are 2cr in a circular aperture with a radius equal to the seeing. 

d There were no stars in the Keck/NIRC field of view to estimate the seeing and limiting magnitude. 

°No standard star observations were available for calibration of this epoch. 



corresponds to a luminosity distance of 2.24 Gpc and 
a distance modulus of 41.7. One arcsecond is equiva- 
lent to 5.45 proper kiloparsecs, and the lookback time is 
4.36 Gyr. 

2. OBSERVATIONS 

GRB 020819 was detected by the French Gamma Tele- 
scope (FREGATE), Wide Field X-ray Monitor (WXM) 
and Soft X-ray Camera (SXC) on-board the High Energy 
Transient Explorer 2 (HETE-2) satellite on 2002 August 
19.623 UT. A 130" radius SX C error circle was circu - 
lated 3 hours after the burst ijVanderspek et all 12002). 
A few days later its location was refined and the radius 
reduced to 64", ly ing fully within the original error circle 
l|Crew et alJl2002l) . 

We observed the 130" radius SXC error circle with 
the Siding Spring Observato ry (SSO) 1.0-m telescop e 
in Australia at At = 3.1 hr ijPrice fc McNaughtJ 12002). 
where At is the time from the onset of the burst. At 
At = 17.3 hr we imaged the field again with t he 1.5-m 
telescope (P60) at Palomar ijPrice et alJl2002a|) . In nei- 
ther case was an OA detected. We continued to monitor 
the field in the optical/NIR during the following weeks 
and months with the Echellette Spectrograph and Imager 
(ESI) and the Near Infrared Camera (NIRC) on Keck, 
the Andalucia Faint Object Spectrograph and Camera 
(ALFOSC) on the Nordic Optical Telescope (NOT), 
and the FOcal Reducer and low dispersion Spectrograph 
(FORS2) on the Very Large Telescope (VLT). The jour- 
nal of our observations is listed in Tabled 

Although a rapid and deep follow-up was per- 
formed, no o ptical/NIR afterglo w has been reported for 
GRB 020819. iLevan et all l|2003fl obtained a deep optical 
limit (R = 22.2 mag) at At = 9hr, covering the original 
SXC e rror circle. During the same epoch, iKlose et al.l 
(2003) performed a NIR follow-up observation, with a 
limiting magnitude of K = 19.5 mag. Unfortunately, 
their analysis and afterglow search was only applied 
to the refined 64" SXC error circle (see discussion in 

Sect. EES). 

We discovered ({Frail 8z Bergerll2003|) a variable radio 
source at 8.46 GHz with the Very Large Array (VLA), 



TABLE 2 
VLA Observations of GRB 020819 



Epoch 


At a 




S±<T 




[days] 


[GHz] 




2002 Aug 21.37 


1.75 


8.46 


315 ± 18 


2002 Aug 23.34 


3.72 


8.46 


176 ± 19 


2002 Aug 23.36 


3.74 


1.43 


39 ±60 


2002 Aug 29.32 


9.70 


8.46 


264 ± 30 


2002 Aug 29.34 


9.72 


4.86 


224 ± 34 


2002 Sep 10.27 


21.65 


8.46 


161 ± 24 


2002 Sep 18.26 


29.64 


8.46 


109 ± 20 


2002 Oct 03.17 


44.55 


8.46 


43 ±31 


2002 Dec 24.07 


126.45 


8.46 


79 ±25 


2002 Dec 28.02 


130.40 


8.46 


32 ±26 


2003 Jan 10.06 


143.44 


8.46 


62 ± 25 


2003 Jan 23.90 


157.28 


8.46 


6 ±14 



a Mcasured in days after 2002 August 19.623 UT. 



declining from a peak of 315/iJy at At = 1.75 days to 
a level of non-detection at At = 157 days. A log of 
the GRB 020819 radio observations is given in Tabled 
This source was located at a(J2000) = 23 h 27 m 19M75 and 
(5(J2000) = 06°15'55"95, with an error of 0"5 in each co- 
ordinate. The radio transient is located only 3" away 
from the center of a bright barred spiral galaxy. In ad- 
dition, the transient is superimposed on a faint blob of 
light. A Keck/ESI image covering the surrounding field 
is displayed in Fig. 2] 

3. RESULTS 

3.1. Optical/NIR 

The optical data were reduced using standard tech- 
niques for de-biasing and flat-fielding. In order to de- 
termine the photometric properties of the potential host 
galaxy and blob, we used aperture photometry. A circu- 
lar aperture with a fixed radius of 4'.'5 was used for all 
the different telescopes/instruments to obtain the total 
flux fro m the galaxy. To verify t he results, we used SEx- 
tractor ijBertin fc Arnouts1 IT996) to obtain its total mag- 
nitudes (mag_auto). The photometry of the nearby blob 
was also carried out using aperture photometry, with a 
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Fig. 1. — A 2400 s B-band Keck/ESI image of the neighbor- 
hood of the GRB 020819 radio afterglow, obtained approximately 
15 days after the burst occurred. Top: the original 130" radius 
error circle is indicated by the dashed line, while the refined one is 
shown with a continuous line. Bottom: a zoom in on the position 
of the radio afterglow, marked with a dashed circle with a radius 
of 0'.'5. A bright barred spiral galaxy is located around 3" from 
the afterglow, which is superpositioned on a faint lightsource. The 
image is shown with a logarithmic intensity scale to highlight the 
features of the nearby blob. 



circular aperture with a fixed radius of 0'.'8. Only the 
VLT/FO RS2 epo c h had a simultaneous i?-band observa- 
tion of a iLandolq l)1992j) standard field. We used this to 
calibrate secondary standards for the GRB 020819 field, 
which we in turn used to transform the relative opti- 
cal magnitudes to the Cousins photometric system. For 
the fi-band Keck epoch there was only one faint non- 
saturated calibrated star in field from the Digitized Sec- 
ond Palomar Observatory Sky Survey (DPOSS). The re- 
sulting calibrated magnitude is therefore quite uncertain. 
We note that DPOSS uses the Gunn photometric system, 
whic h we converted t o the Johnson photometric system 
('e.g.. lJ0rgenserJll99^ . 

The NIR images were dark-subtracted and flat-fielded 
using the object-masked average of proximate science 
frames. They were registered against each other by refer- 
ence to the centroid position of the single bright object, 
the galaxy core, and co-added. A rough WCS was put on 
the images using the telescope pointing and instrument 
rotation information as encoded in the image headers; 



this was later refined by reference to larger-scale images 
of the field. Galaxy and blob fluxes were obtained with 
aperture photometry. For the second if-band epoch, we 
used an observation of a 2MASS star to transform the 
magnitudes to the standard system. Unfortunately, no 
standard stars were available for the first if-band epoch. 

The results of the optical/NIR photometry are listed 
in Table We have an early, relatively deep limit of 
R > 21.5 mag at At — 3.4 hr. This is fainter than the 
entire sample of afterglows detected and studied in the 
past seven years at a similar epo ch, excluding the re - 
cent GRB 050126 (see figure 5 in IBerger etaLl I2005a|h 
We note, however, that much deeper optical limits have 
been obtained at a similar epoch, e.g., GRB 970828 
ijGroot et al.l li"998). Whether the GRB 020819 optical 
faintness is due to high redshift, host extinction, or sim- 
ply an intrinsically faint GRB, is a question best an- 
swered in synergy with the radio observations. 

The bright barred spiral galaxy and the faint blob 
are clearly resolved in the Keck and VLT images. Af- 
ter correcting for foreg round (Galactic) ex tinction using 
the reddening maps of iSchlegel et alJ l)1998|) . the galaxy 
has R — K = 2.7 ± 0.2 mag, while the nearby blob has 
R — K = 3.2 ± 0.3 mag. To examine if a NIR afterglow 
contributes flux to the blob in the first if-band epoch 
(At = 6.9 days), we performed an image subtraction us- 
ing the second if-band epoch. We subtracted out the 
galaxy, and looked for residual emission from the blob. 
But due to the lack of stars in the field of view, the va- 
lidity of the subtraction could not be confirmed. The 
error in the galaxy subtraction remained larger than any 
residual emission from the blob. 

3.2. The Radio Light Curve 

All observations were performed using the VLA in 
its standard continuum mode. At each frequency, the 
full 100 MHz bandwidth was obtained in two adjacent 
50 MHz bands. The flux density scale was tied to the 
extragalactic source 3C 147, while the array phase was 
monitored by switching between the GRB and a VLA 
phase calibrator J2320+052 (J2330+110) at 8.46 GHz 
(1.43 GHz). Data calibration and imaging were carried 
out with Astronomical Image Processing System software 
package. 

In an image from At = 1.75 days, we found an unre- 
solved source at high significance (18cr). Although the 
transient is 98" away from the center of the revised 64" 
SXC error c ircle, its position and radius have been re- 
vised again ijVillasenor et al.ir2004|) . It now includes the 
radio transient, lending support to the hypothesis that 
the transient is in fact the GRB afterglow. Its light curve 
is presented in Fig. EI ft is qualitatively similar to previ- 
ous radio afterglows, where the first data point is most 
likely du e to a stron g reverse shock (see a schematic light 
curve in lFrailll2005l). GRB 99 0123 being the best-known 
example iSari fc Piran 1992). 

There is a sign of a late-time flattening in the radio 
light curve. Due to the relatively deep upper limit at 
At w 157 days, it is unlikely that the final radio detec- 
tion at At ai 126 days originates from the host galaxy. A 
more probable explanation is an episodic injection of en- 
ergy, where slower moving shells of ejecta catch up with 
the decelerating main shock and re-energize it. This re- 
freshed shock model has recently been invoked to explain 
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Fig. 2. — An 8.46 GHz light curve from the VLA of the radio 
afterglow of GRB 020819. Detections at each epoch are indicated 
by filled circles. Non-detections, shown with open triangles, are 
defined as the peak brightness at the location of the afterglow plus 
two times the rms noise in the image. 



the optical, X-ray, an d radio behavior of GRB 021004 
l)Biornsson et aljl2004j) . We note that the flux limit of 
34/iJy at At w 157 days implies an upper limit to the 
host star-form ation rate of appr oximately 40-M©yr -1 
(see figure 1 in lBerger et alJl2003l . 

The qualitative behavior of other radio light curves 
can be summar ized as follows (e.g., figures 1 and 2 in 
ISari et al.lll99l . The flux at a given radio frequency 
(vr) rises as a power law i*k(i) oc t a ' , reaches a broad 
maximum at F m , and then decays as Fn(i) oc t ad . This is 
due to the evolution of the characteristic break frequen- 
cies in the broadband synchrotron spectrum, where e.g., 
the epoch of peak flux is frequency dependent (t m (i^i)). 

We have carried out a fit to this model, but given the 
paucity of our data, we fixed t m (8.46GHz) = 10 days, 
a typical and reasonable (Fig. |2J) value. In addition, we 
have omitted the first and final detection (see discussion 
above). From the formal best fit we find a r = 0.44±0.16, 
a d = -0.78 ± 0.17, with F m (8.46 GHz) = 271 ± 31 /jJy 
(Xi = 0.42, where Xdof = X 2 /degree of freedom, is the 
reduced \ 2 of the fit). Shifting t m a few days on either 
side of our value does not substantially change the fitted 
parameters. 

4. DISCUSSION 

4.1. The Host Galaxy 

The question whether a high rcdshift of the proposed 
host galaxy contributes significantly to the optical faint - 
ness of the afterglow is easily answered by the results 
of Berger et al. (in preparation). They measure a red- 
shift of z = 0.41 for the host 1 , the eighth closest thus 
far observed. As a comparison, the GRB 011121 af- 
terglo w (z = 0.36) had a radio flux of 610 /xJy at 7 
davs iPrice et al l 1200211 and R » 18 ma g at 0.4 days 
ijGarnavich et alJl2003tlGreiner et al.l2003|) . These num- 
bers indicate that the galaxy is a promising host candi- 
date, although it needs to be explored if the radio after- 

1 Unfortunately, there is no conclusive redshift reported for the 
blob. 



glow and the i?-band limit are consistent with the fireball 
model (see Sect. 14.2(1 . 

We have estimated the probability that the assigned 
host is a chance super position and not phy sically related 
to the GRB, following BToom et all l|2002bl) . As the GRB 
localization is good, but the position is outside the ma- 
jority of the light of the spiral, we have calculated the 
effective radius (see equations 1-3 in lBloom et al.l2 002b') 
as {Rl + 4i? 1 2 lalf ) 1 / 2 . Here R = 3'.'0 ± O'.'l is the radial 
separation between the GRB and the presumed host, and 
i? half = l'/35 ± Of! 05 is the half-light radius. This, com- 
bined with the galaxy magnitude, results in a chance 
superposition probability of only 0.8%. 

The R—K colors of galaxies provide crucial infor- 
mation on the importance of old stellar populations 
(as traced by the NIR emission), relative to the con- 
tribution of young stars dominating the optical light. 
Blue objects (R — K ~ 2-3 mag) are a sign of unob- 
scured star-forming galaxies, while old ellipticals and 
dust-enshrouded starburst galaxies have large R—K col- 
ors. An R—K = 2.7 mag is a bit higher than the mean 
value, but within the range s panned by the sampl e 
of 15 host galaxies explored bv iLe Floc'h et all {2003). 
A redshi ft of 0.41 places the h ost on a curve in fig- 
ure 2 in ILe Floc'h et alJ ((2003) matching a type Scd 
galaxy, roughly consistent with the morphology seen in 
Fig. ^ In general, Sc/Scd spirals display resolved H II 
regions (the blob being a likely candidate) and contain 
a larger fraction of dust and gas, which might explain 
the optical faintness of the afterglow. We note that 
all the spiral hosts observed so far are nearly face-on 
(GRBs 980425, 990705, 020819). Although this sample 
is small, it resembles SN-selected spirals which are more 
often observed fa ce-on most likely due to dust-bias (e.g., 
lCappenaro"et~aIIIT993^ . 

4.2. Afterglow Modeling 

The nature of the ambient medium in which the GRB 
originated can be probed with the parameters F m , i m , 
and ad- In addition, they can be used to predict the R- 
band magnitude at At = 0.14 days. We consider three 
afterglow models: (i) an isotropic exp ansion into a ho- 
mogeneous medium (jSari et al.lll998j) . ( ii) an isotropic 
expan sion into a wind-stratified medium l(Ghevalier fc L3 
1999), and (iii) a collimated expansi on (jet) into a ho mo- 
geneous or wind stratified medium ((Sari et alJll999(l . 

For (i), the fits in Sect. 13.21 predict that the optical 
flux would have reached the maximum value of F m (cor- 
responding to R = 17.6 mag) at an epoch t m (opt) = 

i m (8.46GHz) x (f R /^ op t) 2/3 ~ 600 s - The expected flux 
at later times would then drop by 2.5ad log(Ai/i m (opt)) 
magnitudes, which for At — 0.14 days corresponds to 
2.5 mag. In this framework, we would thus expect to 
detect an OA with R — 20.1 ± 0.6 mag at the epoch of 
the first observation. Comparing to the upper limit of 
R > 21.5 mag, only a modest amount of extinction must 
be invoked. The electron energy power-law index in this 
model is predicted to be p — 1 — 4/3ad = 2.04 ± 0.23, 
consi stent with what is usually found (p = 2.26: Piro 
2004) 

As in (i), the optical flux in (ii) reaches F m at an epoch 
i m (opt) k 600s. On the other hand, since the after- 
glow emission is weakened as the relativistic blast wave 
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ploughs into ambient material with decreasing density, 
F m is larger when extrapolated into the optical band, 
with F m oc t~ x l 2 . This results in an afterglow with 
R « 13.6 mag at 600 s, decaying to R — 16.1 ± 0.6 mag 
at At = 0.14 days. This model would thus require 
a large host extinction. However, this model predicts 
p = (1 - 4a d )/3 = 1.37 ± 0.23. Although such a low 
value for p has prev iously been observed in an afterglow 
(e.g., GRB 010222: iGalama et al.ll2003[K we are not in 
favor of this model. 

Finally, in model (iii), the radio emission (above the 
synchrotron self-absorption frequency) is supposed to rise 
as t 1 / 2 , reach a maximum, and then slowly decline as 
£-V3 f or i •> £. et) wnere £. et ig th e epoch when the 
bulk Lorentz factor of the ejecta becomes comparable 
to the inverse of the opening angle of the jet. The radio 
flux is then expected to drop sharply as t~ p , when the 
maximum frequency falls below the observing frequency. 
This behavior has be en observed for, e.g., GRB 990510 
ijHarrison et alJll999|) . As seen in Fig. [21 the radio light 
curve does not show this kind of evolution. Even if 
we assume tj e t < t m ~ 10 days, the model predicts 
p = — ad = 0.78, a value not considered relevant in af- 
terglow models. 

4.3. A Limit on a Supernova Contribution 

An excess of optical flux at At ~ 15(1 + z) days, 
superposed on a typical light curve power-law decay, 
is commo nly attributed to the rise of a SN compo - 
nent fe.g.. lGalama et alJl998llBloom et alJl999L l2002a). 
Motivated by this, we timed our i?-band observations 
(At « 15, 21, 27 days) for a SN search. To accommo- 
date the spread in the observed properties of Type Ibc 
SNe, we have considered the hi ghly luminous SN 19 98bw 
associated with GRB 980425 ijGalama et all 11998^. and 
SN 2002ap l|Folev et al.ll2003fl which was a factor of -10 
times less luminous at peak time in the restframe B- 
band. 

At z = 0.41 the observed i?-band corresponds to rest- 
frame -B-band. Thus, we have transformed the -B-band 
magnitude at pe ak time of the aforem entioned SNe to 
AB magnitudes ijFukueita et al.lll995jK applied the dis- 
tance modulus, and t he 2.51og(l + z) term (see, e.g., 
Ivan Dokkum fc Franxl ll996). If GRB 020819 is associ- 
ated with a 1998bw-like SN, we would expect a peak mag- 
nitude of R = 22.3 mag at At » 20 days. For a 2002ap- 
like SN the corresponding magnitude is R = 24.8 mag. 

In Table ^ the blob magnitude at At « 135 days, 
when a SN and an OA contribution should be negligi- 
ble, is R. = 23.76 ± 0.15 mag. Adding the flux from 
a SN at At w 20 days would result in R — 22.0 mag 
(R ~ 23.4mag) for SN 1998bw (SN2002ap). Since we 
measure the blob magnitude to be R = 23.99 ± 0.13 mag 
and R = 23.98 ± 0.06 mag at At « 15 days and At w 
27 days, respectively, we do not detect the signature of 
a SN. This non-detection of a rising SN component may 
be explained by a modest host extinction, in agreement 
with the afterglow data (see Sect|J3- A 2002ap-like SN 
extinguished by 1.4 mag would remain undetected, alle- 
viat ing the requirement of a very su bluminous SN (see 
also IZeh et aljEjOOH ISoderberg etaTIEiol . 



4.4. Dark Gamma-Ray Bursts 

The need for high redshift and/or large host extinc- 
tion to explain the non-detecti on of a large fractio n of 
OAs, is gradually d isappearing. iFvnbo et alJ 1)200 ID and 
iBerger et all ll2002|) demonstrated that 70%-75% of the 
OA searches conducted to date would have failed if the 
GRBs were similar to that of dim bursts like GRB 000630 
and GRB 020124 in th e optical band. More recently, 
Uakobsson et all l|2004aj) used Pox to introduce a new 
dark burst definition, resulting in a lower limit of the 
dark burst fraction of approximately 10%. 

With the rapid availability of small GRB error circles, 
first attainable in August 2002 via the SXC on HETE-2, 
the stage was set for building up a small, but relatively 
homogeneous afterglow sample. This would clarify if de- 
ficient search strategies were indeed the reason behind 
the original large fraction of dark bursts. In Table [3] we 
have listed all GRBs localized to an SXC radius of <2', 
and where the first optical observation was performed 
within At « 3 h r. 

A hinted bv lLamb et alJ <|2004f) . the majority of the 
SXC bursts are detected in the optical, or 12/14 indicat- 
ing a dark burst fraction of 10%-20%. The two bursts not 
detected in the optical are GRB 020819 and GRB 041211. 
We note that for nine bursts, the original error circle 
was revised a few days later, with three of those hav- 
ing the OA outside the original error circle. However, 
this does not affect the dark burst statistics significantly, 
although it is possible that the GRB 041211 OA was lo- 
cated slightly outside the error circle. 

GRB 020819 has been extensively discussed in this pa- 
per. Its optical faintness is mainly due to it being intrin- 
sically faint, i.e., with only a modest amount of extinc- 
tion the extrapolation of the afterglow model from the 
radio to the optical is consistent with our early i?-band 
limit. The absence of an OA for GRB 041211 is not as 
easily explained. This is predominantly due to the lack of 
multiwavelength follow-up. The re is an early deep limi t 
of R > 21.5 mag at At = 3.4hr (jMonfardini et al.l l2004). 
but no clear conclusions can be drawn without additional 
X-ray or radio observations. 

With the Swift satellite now distributing rapid and ac- 
curate positions and follow-ups with the X-Ray Telescope 
(XRT) and UltraViolet/Optical Telescope (UVOT), a 
large homogeneous afterglow sample is finally being 
realized. The sample is currently rather small, with 23 
bursts localized with the XRT (as of 2005 May 1). In 
addition, the instruments are not yet fully calibrated im- 
plying that caution should be advised before inferring 
the fraction of dark bursts. The current optical/NIR 
afterglow recovery rate is 13/23, with at least two non- 
detection most likely resulting from large Galactic extinc- 
tion (GRBs 050117 and 050421). Six of the other eight 
non-detections (GRBs 050128, 050223, 050326, 050410, 
050416B, and 050422) only have moderately fast and 
deep optical follow-ups. GRB050219A, on the other 
hand, was observed with the UVOT at At w 5 min- 
utes to a limiting mag nitude of V ~ 20.7 llSchadv et alJ 
2005}. This burst is an excellent dark burst candidate, 
although the XRT results are needed to examine its con- 
sistency with the fireball model. Finally, the deep opti- 
cal limit for GRB 05 0412 of R > 24.9 mag at At = 2.3 hr 
ijKosugi et alJ l2005Tl combined with the XRT observa- 
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TABLE 3 

SXC Localized HETE-2 Gamma-Ray Bursts 



GRB 




Ai A 


Mag(AtoA) 


Ati 


Mag(Ati) 


i?(l day) 


z 


SXC circle change? 


References 




[hours] 


[hours] 




[hours] 












020813 


3.1 


1.90 


B ~ 18.6 


0.30 


CR > 16.0 


20.5 


1.26 


Yes, OA outside 


(1) (2) (3) (4) 


020819 


3.0 


— 


— 


2.98 


R > 18.9 


> 22.0 


— 


Yes, RA inside 


(5) (6) 


021004 


2.6 


0.05 


R = 15.5 


0.05 


R = 15.5 


19.5 


2.34 


Yes, OA inside 


(7) (8) 


021211 


2.2 


0.02 


R = 14.1 


0.02 


R = 14.1 


23.0 


1.01 


No 


(9) (10) 


030115 


1.4 


2.05 


R ~ 21.5 


0.01 


R > 10.0 






No 


(11) (12) 


030226 


2.0 


2.63 


R ~ 17.5 


0.00 


R > 11.5 


20.6 


1.99 


No 


(13) (14) 


030328 


0.9 


1.28 


R ~ 18.0 


1.28 


R ~ 18.0 


21.5 


1.52 


Yes, OA inside 


(15) (16) 


030329 


1.2 


1.56 


R = 12.6 


1.56 


H = 12.6 


16.0 


0.17 


Yes, OA outside 


(17) 


030429 


1.9 


3.48 


R = 19.7 


1.87 


H > 18.7 


21.0 


2.66 


Yes, OA outside 


(18) (19) 


030528 


1.8 


16.04 


J = 20.6 


0.04 


Ci? > 15.8 






Yes, OA inside 


(20) (21) 


030723 


7.2 


4.17 


R = 20.9 


0.02 


Ci? > 18.1 


21.1 




Yes, OA inside 


(22) (23) 


040511 


2.2 


12.20 


J ~ 19.0 


2.18 


CR > 17.2 






No 


(24) (25) 


041211 


2.1 






0.01 


B > 11.0 






No 


(26) 


050408 


1.2 


2.40 


R = 20.4 


0.01 


CR > 14.7 


22.3 


1.24 


Yes, OA inside 


(27) (28) (29) 



Ref ere nces. — (HIFox et alJ <2002T): (2llRhoads et all <2002T): (3llRvkoff fe Smith! <2002Tl: (41 IHIadders fc Hallp0fi3l: (5)IUrata et aTl 
i2003l: (61 ILevan et all 120031): (7) IFox et alj I2003LI1 : (81 IHolland et al.l 120031) : Ol lWozniak et alj 120031 : ( 101 IHolland et all 1200411 : fill 
Masetti et alJ 120031): f 121 ICastro-Tirado et al.| 120031: f 131 IFox et alJ 12003all : (141IKlose et al J 120041: f 151 IPeterson fc Pried 12003 1: (16) 
Andersen et all 120031: (171 IPrice et all 120031 : (18 1 ISmith et al l 120031 : f 19 1 IJakobsson et alj 12004bll: (201 lUemura et al.l 120031: (21) 
Rau et alJ 1200411: (22') ISmith & Quimbvl 120031: ( 2 3llFynbo et alTl2004ll: (241ISmith et al J 120041 : f251 IFox et all 1200411 : f261 ISasaki et all 
1200411 : f 271 ISmith et alJ 1200,511 : f281 IMisra etaTI 1200.511 : (291 IBerger et alJ I2005hll . 

Note. — A list of all GRBs localized to better than 2' radius with the SXC, and where the first optical observation was performed 
within approximately 3 hours of the high energy event. Here Atgxc is the time from the onset of the burst when the ~2' SXC error circle 
radius was first made available. AtoA is the time after the burst when the OA was detected. Ati is the time after the GRB occurred when 
the first optical observation was performed. In the magnitude columns, 'CR' denotes filterless observations. In the penultimate column, 
'RA' refers to the radio afterglow. 



tions (M angano et al.l 12005) indicates that Pox < 0.05 
for this burst, firmly establishing it as dark. 

5. SUMMARY & CONCLUSIONS 

GRB 020819, a relatively nearby burst (z = 0.41), is 
only one of two of the 14 GRBs localized to an error 
radius of <2' with the SXC on-board HETE-2, that does 
not have a reported OA. This lends support to the recent 
proposition that the dark burst fraction is far lower than 
previously suggested, perhaps as small as 10%. 

The GRB 020819 radio afterglow is superpositioned on 
a faint (R w 24.0 mag) blob, located around 3" from the 
center of a bright (R = 19.5 mag) barred spiral galaxy. 
At z = 0.41 this corresponds to 16kpc. This faint blob 
did not show significant brightness variations over a pe- 
riod of ~100 days, ruling it out as the OA. The probabil- 
ity that the assigned spiral host is a chance superposition 
and not physically related to the GRB, is only 0.8%. 

We find that we can explain the radio afterglow with- 
out invoking large extinction to elucidate the absence of 
the OA. While we cannot rule out large extinction local 
to the GRB, it is not required. Assuming an average 
Galactic extinction curve (Ry — 3.1), the required host 
extinction is Ay « 0.6-1.5 mag. 

We attempted a SN search by obtaining i?-band data 
at At « 15, 21, 27 days. We do not observe a bright- 



ening in the faint blob at these epochs. A 1998bw-likc 
(2002ap-like) SN signature would have resulted in the 
blob brightening to R ~ 22.0 mag (R ~ 23.4mag) for 
z = 0.41. We conclude that either the line-of-sight is 
extinguished (Ay ~ 1.5 mag would render a 2002ap-like 
SN undetectable), GRB 020819 is associated with a very 
faint SN, or it does not have a temporally coincident SN. 
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